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A dynamical calculation using Balazs type N/D method i s  

performed for the T = 2 C - n system in  P state. Self 

consistent solutions for the position and residue of a resonance 

are obtained for wide range of the relevant Y u k a w a  coupling constants 

3/2 

and different sets  of matching points. Some remarks are made regarding 

interpretation of the results. 
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1. INTRODUCTION 

Recently Pan and have presented evidence for  the existence 

of a T = 2 C - rr resonance of narrow width and mss -1415 Mev, 

i n  the i r  experiments on K- interaction with neutrons i n  carbon. If 
a,. . 

the existence of t h i s  resonance i s  confirmd i n _  nther 9 -t+ A" 

5 

'. . 

w i l l  have important implications f o r  the unitary symmetry scheme of 

strongly interacting particles. The lowest representation of the 

group SU3 i n  which t h i s  resonance can be placed in of dimension 27. 
* 

Some years back,several authors predicted the existence of 

such a resonance on basis of Chew-Low or  strong coupling models . 3 

It is  however interesting t o  note tha t  dynamical calculation of 

meson baryon resonances i n  the Octet model by Martin and Wali 4 

did not indicate any resonance i n  the 27 dimnsional representation 

of Sua. This may however be due t o  the fact .  tha t  the short  range 

forces arising from the far awky singularities were not adequately 

t reated by them. Recently, Gyuk, Simmons and !Guan 5 have given some 

rough bootstrap arguments for  the T = 2 C - TT resonance and suggest 

tha t  the most likely angular momentum state is P- 3/2: 112 vie.. si? 

these indications, we have done a detailed dynadcal analysis of 

t h i s  problem following the method of Balazs 6 
" I  i n  order t o  take ac- 

count of the far away l e f t  hand singularities. In  the present note 

we report the calculation of the P 

states are currently being investigated using the same method. 

system. Other angular momentum 
3/2 
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A rather welcome circumstance i s  that, unlike the case of 

T = 0 and T = 1 C - n eystoms. t h i s  i s  essentially a single 

channel problem i n  ,the approximation of neglectinc; ize las t ic  

effects. 
" S I  

In Sec. 2 we present the &tails of the calculation.. Contri- 

bution of the nearby Born cuts due t o  the exchange of A and C i n  

the u-channel are exactly evaluated. 

are replaced by Balazs poles. I Self consistent solutions for  posi- 

t ion and residue of a T = 2 C - n resonance ( to  be called Y2* i n  

Far away l e f t  hand singularities , 

the following) are obtained by a computer. The resul ts  are discussed 

As the kinematical details  of.meson baryon systems are f a i r ly  

w e l l  known 7 , we merely present the resul ts  briefly. Denoting the 

four kmenta of incoming C- and n- by p1, q1 and those of the out- 

going E- and n- by p2, % respectively, the invariants s, t, u 

are defined as 
, " h, " .  

. ..,*,$. 

u r n 8 :  

1 

i n  Sec. 3. 

exis t  fo r  a w i d e  range of the Yukawa coupling constants. 

of dependence of the solutions on the choice of matching points is 

also examined and discussed. 

2. aETAIzs OF "HZ  H TI ON 

It is  found that very good self consistent solutions do 

The question 
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where W q and 8 denote respectively the total energy, magnitude of 

three momentum and scattering angle in the C M system of 6 channel. 

As in reference 7, we choose the elast ic  scattering amplitude 

Cln system t o  be for '3/2 

16 sin 6 1+ fv g ( s )  = w2 e 1+ 

The important singularities of the partial wave amplitude (shown in 

Fig. 1) arise as follows: - 3  

8 
(I) s channel : We bave the usual right hand cut for  

(3) 

i 
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and a pole due to  Yz* at 

(;I) u and t channels: 

to a cut from o to  - 0. 

A gives rise  to the cut: 

A l l  the exchanged systems give rise  

In addition to  this, .exchange of 
,. 

1 .  

I 

L~ = 82.2 s s s L~ = 85.0 

whereas exchange of C gives rise  to  the cut 

L4 = 71.4 5 s Io = 75.4 

I 

(4) 

. (5) 

Intermediate states w i t h  masses larger than (C + n)2 ( in  particular, 

a l l  Y*'s) give rise t o  left  hand cuts below s = 57.3. Exchange of 

! . ... ; 
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b *  

two pion system i n  t channel ( in  particular vector meson p )  gives 

r i s e  t o  a circular cut (not shown i n  Fig. 1). 

i s  known t o  be slnall compared t o  that of the exchanged baryons fo r  

Contribution of t h i s  

... . 
-tie F312 system and hence i ts  contribution t o  nearby singularities 

will be neglected. Of course, contributioIsof a l l  the exchanged 

systems-to the far: away cut (o t o  - m ) a ~  retained. 
-1 

, Except for  some changes, we follow the general method of cal- 

9 a l a t i o n  using Balazs type poles described by Singh and Udgaonkar 

and P a t i  . The reader is referred to  these works for  details .  10 

' I  

The amputude g(s)  is written as 

I .  

(7) 

have 

where, as usual D(s) ha6 only the rlght hand unitarity cut and N(s) 
9. - - 
UUG oniy f3le l e f t  hind cuts. I n  the e l a s t i c  approximation we 

/. 

c 



a 
. I  * - ,  

I 
1.1 ' . * 4.1 , 

- 6 -  

where SO is the arbitrary subtraction point which we choose for 

convenience in latter calculation t o  be the  mid-point of the A - c u t  

(81 = 83.6). 

For the N(R) up =it:: 

where 

I Ln refers to the nearby portion of th& left hand cut. As discussed 

i n  rezerences 5, and 10 Nf(sj is written as 

. -,- 

' I -  
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where in  our case the positions of the two poles are determined 

f r o m  Balazs curves to be 

Residues &, & are still unknown at this stage. 

The Born tern due to  A and C exchange are given by 

where Y stands for C or A, Q1 (x),& (x) for kgendre functions of 

second kind and % for the renormalized caupuSg conetant. 
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Contribution of Y2* i n  the 8-  channel is given by 

where H is  the residue at  W'wR = 6 For a resonance it is  

related to  the total  width r by 

where qR is  the cm momentum of C TT system at  resonance. 

Contribution due to  exchange of Y2* can he ~3tziced bjr 

describing it by a Rarita Schwinger fieldu and is given by 

-. . 

- -  



where 

... . 
- 4 .  
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2 c2 + 2 n2 + 2 s" - wR".- 8 a(w) =- 
2 
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In order to obtain an idea of the relative contribution of 

vesious nearby singularities to Nn(s) we temporazily made a linear 

approximation for the D(s) function, in the unphysical region (i.e., 

assuming resonance at s, M 103) 
A. 

Using (22) and imaginary parts of the Born terms, we have checked, 

explicitly that the contributions due to the exchange of Y2* (1413), 

YO* (1405), Yl* (1385) to IVa(s) for 6 in the physical region were 

auch smaJ.l.er than those due to the exchange of C andh for reasonable * 

1 2 '  values of coupling consta.nts . 

Furthermore, as the cuts due to A and C exchange are quite short 

a8 compared to their mean distancen f r m  miiite on the right hand 

cut, we can replace them by poles at their mid-points (SI, s2) 

to a very good approximation. This was also explicitly checked (13) . 
Now we drop the assumption (a) for D(s) and write 

(23) .. 
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where 

We note that by our nonnsiization 

i 
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(25)  
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D(s2) cazl be obtained from the last equation i n  terms of other 

parameters. On resubstituting we get D ( s )  i n  terms of the two 

-own parameters &, and the r e s t  known constants or  f'unc- 

tions. 

(27) 
- . -  

In order t o  determine & and & we match the values of N(s)/D(s) 

obtained from (9 ) ,  (U) (23) and (27) a t  two 4 judiciously chosen 4 

points, called the matching points (% ,% ) with the value of the 
1 2  

14 . partial wave amplitude obtained from fixed energy dispersion relation 

This relation 113 tc he l s e d  m3j; vhex t i e  partial wave expansion is 

expected t o  be valid. 

7 * I  

The fixed energy dispersion relation for the invariant amplitudes 
I 

A(s,t,u), B(s,t,u) is given by 

a 
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(28) ... .) 

..* ImBt (t',s) dtt 
n tt-t 

. - . . . .  

A similas expression holds for A( s, t ,u).  

to contribution of Y2* in the s-channel. 

previous approximations we drop contributions from exchanges of vec- 

The third term corresponds 

In consistency with OUT 

tor mesons and higher mass states in t-channel. 

retain 

although it is small. 

In u channel we 

contribution of Y2* exchange to the first integral 

Hence we have 

Now the matching equstion is given by 

.. 

, 

1 
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which after some algebra reduces to an equation of the type 

% f l + F L & f 2 + f 3  = 0 (31) -. .  

whe& f ly  f2, f3 are complicated functions which need not be given. 

We write Eq. (31) at tWa points, sMiY sM2 and solve to  obtain 

R 3  and %. D(e) and N ( s )  are now completely known. 

'Phe Output position of resonance or bound state is  given by 
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The following i te ra t ive  procedure was adopted t o  find the self-con- j 
f 

s i s ten t  solutione. For a given s e t  of values of 
r 

I 

i * * * -  
I 
1 ..* 
i 
i 
! 

.. 

and the tX0 matching points s 

R3 and & were found by solving Eq. (31) at sM and aM2 

and Nin were chosen. M~' 'M~~"R i n  

sRout and 1 

were then found from (32) and (33) and compared with SRin 

a n d ~ ~ o  B were chosen as input values for  the next 

i teration. !&e whole procedure was repeated andBnin, 
Rout and %ut 

and xin came out t o  be equal within some preassigned accuracy. nout 
V a r i o u s  se t s  of s ta r t ing  values o f  %in and nin were chosen. The 

calculation was repeated for various values of the coupling constants 15 

- $  a l  well as different s e t s  of matching points. In t h i s  way, we have d 

searched fo r  solutions up t o  s - B O .  

discussed i n  the next section. 

3. RESUI55 AM) DISczfiisIOH 

The results are presented and 

As a result of the above procedure we found resonant solutions 
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with very good input-output consistency ( ISmt - 8-1 < 0.5, 

I %nit - x , , ~  1 < 0.5)  for rather wide range of value6 of the ' I  

Yukawa coupling constants (both , . ... 

-.. 

ferent sets of matching points (MP), Table I shows the results for 

For the first set of MP ( s  = 88, s = 65) we see that for 
' M1 M2 

the above set of coupling constants a sharp l o w  energy resonant 

solution does exist. The position and width are Close to the ex- 
!. 

perimentaJ values 132 I 

sR M 103 r < 50 MeV . 

AS regards variation with coupling constants an interesting 

feature is found. Even when both the coupling constants 

are set equal to zero, 
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many self consistent solutions are found, b;vlt they are spread out 

i n  the region between threshold and 8 w 130. As the coupling 

constants are Increased, the solutions start becoming localized In 

the region near threshold, w i t h  Slowly increasing value of H. 

For the other sets of MP (78, 65; 67, 62; 88, 45) similar 

results are obtained. We find that the results are not sensitive 

t o  the variation of the matching points i f  they are chosen i n  such 

a way that one of them l i e s  on e i the r  side of the nearby cuts (taken 

together). Hawever, if one of them l i e s  i n  between the nearby cuts 

or  both of them l i e  on the  same side of these, cuts, the results are 

somewZlat sensitive t o  the variations of the MP. 

In view of th i s  situation, we make the following rem~rks. One 

of the features of this problem is the crowding of singularit ies . 
near the physical threshold as well as w i t h  respect t o  each other. 

This makes it d i f f i cu l t  t,o find suitable MI?. Ideally, the f i n a l  

results should be independent of the choice of these. 

practice certain amoullt of caution must be used. 

But i n  

As discussed i n  

reference 10, these points should be as far away from physical 

thresholds and the unknown l e f t  hand singularities as possible. 'Bus 
i 

, 
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there i s  an extremely narrow region available for  placing 8 

and these points are ~eCeSSarily close t o  the nearby cuts. 

a posteriori, we can say that  the 4 best s e t  ?J of 

t o  having one of them on either side of the nearby cuts (taken together) 

since as mentioned above, for  this  situation the f i n a l  resul ts  are 

s 

Rather 
Ml’ Mz’ 

MP corresponds 

not sensitive t o  the variation of each of these points. It ‘is 

rather remarkable tha t  th i s  s e t  of MP gives the position and residue 

of’resonance quite close t o  the experimental values l Y 2 ,  

Thus we see that i n  the present procedure, we do obtain a self- 
16 consistent low lying resonance i n  T = 2 ,  P C - n system . 

312 
Whether f’uture experiments confirm the existence and quantum numbers of 

th i s  resonance remains t o  be seen. It has been often remarked that 

the dynamical methods should not only predict existing resonances 

but also shodd rule aut non-existing ones. 

, 

If the resonance under 

discussion, for  example, i s  not confirmed, one can seriously ques- 

t ion  the val idi ty  of the dynamical method-used herel’, in cases 

where observed resonances have beey shown t o  be self-consistent. 9,10,18 

* I  
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TABLE I 

Some self' consletent eolutiona for 

Values of s and r are given i n  units of T? and MeV respectively. 

n i s  dimensionless. Some solutions close t o  the given solutions 

w i t h  sl ight ly  different input-output self  consistency have also been 

* 

obtained . 

S S 
M1 M2 

88 65 

78 65 

67 62 

88 45 

Rin 'Rout S 

98.5 98.: 
115 9 11597 

128.8 128.6 

99 98.6 

%n noUt 

10 10.1 

I 2  *,o 12 .O 

15.0 14.9 

10.4 10.4 

rin rout 

17.6 16 

155 6 153 7 

380.7 374.3 

20.3 18.4 

.- 
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FIG= CAPTION 

'Singularities of the partial wave amplitude i n  the e-plane. 

Vaues of e are given in Unit6 of +. 
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